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(54) Gain generator for high-energy chemical lasers 

(57) A gain generator 1 0 for use in high-energy flow- 
ing gas lasers such as COIL devices comprises a chem- 
ical reactant mixing nozzle 12 disposed in a gain 
medium 16. The nozzle includes a plurality of blades 22 
formed of a plastic material resistant to chemical attack 
at the operating temperature of the gain medium and 
non-catalytic to 0 2 ( 1 A). A preferred material is polyeth- 
erimide. The gain medium includes octagonal shaped 
openings 50 for the optical mode of the laser beam. 
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Description 
BACKGROUND 

The invention relates to the field of chemical lasers 
and, more particularly, to a gain generator for use in 
high-energy flowing gas chemical lasers. 

The chemical oxygen-iodine laser (COIL) is a high- 
energy chemically pumped continuous wave (cw) laser 
which utilizes electronic transitions between different 
states of atomic iodine. The COIL can produce continu- 
ous high-power and good beam quality due to low pres- 
sure operation. 

The overall process in the COIL involves the liquid 
phase generation and flow of electronically excited 
molecular, singlet-delta oxygen, 0 2 ( 1 A), into the gase- 
ous phase. This is followed by electronic energy transfer 
to metastable atomic iodine to produce the excited state 
of atomic iodine. 0 2 ( 1 A) is generated by a chemical 
reaction between basic hydrogen peroxide (BHP), H0 2 ' 
, and chlorine gas, Cl 2 . Resonant energy transfer from 
0 2 ( 1 A) produces excited state atomic iodine KP1/2) and 
a population inversion: 

0 2 ( 1 A) + l(P 3/2 ) OsC 3 !) + l(P 1/2 ) (1) 

The ground state iodine atoms for reaction (1) can be 
produced by the dissociation of molecular iodine, l 2 , 
introduced into a flow stream of 0 2 ( 1 A). The transition 
between the first electronically excited state of atomic 
iodine and the ground state generates a photon at 1 .31 5 
lixrx: 

KP1/2) -> KP3/2) + hv (1 .31 5nm) (2) 

Lightweight versions of high-energy chemical 
lasers are emerging strategic weapons having potential 
for airborne use. In the gain generator, a resonant trans- 
fer of energy occurs through the reaction of the energiz- 
ing reactant, 0 2 ( 1 A), and the lasing reactant, iodine. 
Lightweight materials are needed in the gain generator 
for airborne applications where weight reduction 
reduces fuel consumption and operating costs. 

The materials used in the gain generator also need 
to have resistance to high-temperature chemical attack 
by aggressive chemicals. In the COIL, the nozzle blades 
need to be chemically resistant to iodine and also to 
residual chlorine (Cy from 0 2 ( 1 A) generation. 

Materials used to form the nozzle blades in COIL 
devices also need to have sufficient mechanical proper- 
ties at operating temperatures typically as high as 300- 
400°F. Strength is needed to maintain acceptable 
dimensional stability of the nozzle. 

Known metallic nozzle materials such as high- 
purity nickel and nickel-based alloys must be heated to 
a temperature above about 400° F to prevent l 2 conden- 
sation on the blades, which can reduce l 2 flow. Conse- 
quently, a heating source must be included in the gain 



generator to heat the nozzle blades. 

These metallic materials are also difficult and 
expensive to cast and machine. 

A further need for the nozzle blade material is that it 

5 does not catalyze the deactivation of 0 2 ( 1 A). Deactiva- 
tion reduces the amount of 0 2 ( 1 A) available in the noz- 
zle for electronic energy transfer to iodine and, thus, 
reduces photon output. 

Another problem encountered in COIL devices is 

10 efficiently extracting power from the gain medium while 
at least satisfactorily matching the laser beam director 
geometry. In high-energy flowing gas chemical lasers 
such as COIL devices, it is often advantageous to use a 
laser beam director with circular optics. Due to diffrac- 
ts tion effects, power at the target is increased by filling 
this aperture as much as possible. High-energy laser 
gain mediums are typically trapezoidal in shape, how- 
ever, with a narrower dimension at the nozzle exit plane. 
Furthermore, the laser power is commonly extracted 

20 using an optical resonator which requires that the laser 
mode have an inversion symmetry about its optical axis. 

Known solutions to this problem include either 
using a rectangular beam and physically clipping the 
corners after out coupling, or using a circular or elliptical 

25 extraction beam. These solutions are less than totally 
satisfactory. Clipping the corners of a rectangular beam 
after extraction sacrifices the outcoupled power that is 
clipped. Furthermore, in laser resonators wfth inversion 
symmetry, the rectangle height must be selected to 

30 match the shorter width dimension of the gain medium 
near the nozzle outlet end. 

Using a circular or elliptical extraction geometry is 
also less than totally satisfactory. These geometries are 
more difficult to fabricate. Also, in transfer lasers such 

35 as the COIL, these geometries are less efficient and 
more sensitive to intensity spikes at the top and bottom. 

Thus, there is a need for a gain generator for use in 
high-energy chemical lasers such as chemical oxygen- 
iodine lasers that (a) is lightweight; (b) comprises a noz- 

40 zle that (i) is resistant to high temperature chemical 
attack, (ii) has sufficient mechanical properties at high 
temperatures, (iii) includes blades that are easier and 
less expensive to manufacture than metallic blades, do 
not require heating by a separate heating source, and 

45 do not catalyze deactivation of chemical reactants; and 
(c) provides both increased power extraction efficiency 
from the gain medium and satisfactory matching of the 
laser beam director geometry. 

so SUMMARY 

The present invention provides a gain generator for 
use in high-energy flowing gas chemical lasers that sat- 
isfies the above needs A gain generator according to 
55 the present invention comprises a chemical reactant 
mixing nozzle to generate photons. The nozzle com- 
prises a plurality of blades disposed in the cavity of a 
gain medium. Adjacent pairs of blades each define a 
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nozzle passage which extends through the nozzle. A 
plurality of holes are formed in the blades in communi- 
cation with the nozzle passage. 

The gain generator is particularly suitable for use in 
chemical oxygen-iodine laser (COIL) devices. During s 
laser operation, 0 2 ( 1 A) and l 2 are mixed and reacted in 
the nozzle passages. Other aggressive chemical spe- 
cies such as residual Cl 2 also come into contact with the 
nozzle. 

A suitable material resistant to chemical attack by 10 
these aggressive chemical species is polyetherimide. 
This material has a high service temperature and also 
provides satisfactory mechanical properties at the oper- 
ating temperature of the nozzle. In addition, polyether- 
imide is a thermal insulator and does not catalyze the 15 
deactivation of 0 2 ( 1 A). Polyetherimide is also less 
expensive and has better machinabilrry than metallic 
alternatives such as nickel-based alloys. Polyetherimide 
can also be injection molded in the desired shape. The 
blades as well as other components of the gain genera- 20 
tor can be formed of polyetherimide. 

The gain medium includes octagonal shaped open- 
ings for the laser beam optical mode. The use of an 
irregular octagonal scraper mirror with the gain medium 
in an unstable resonator cavity more efficiently extracts 25 
power from the laser gain medium while satisfactorily 
matching the laser beam director geometry. 

Thus, disadvantages of known gain generators 
used in high-energy flowing gas chemical lasers are 
overcome in that the present invention (i) is lighter than 30 
known gain generators; (ii) is chemically resistant to ele- 
vated temperature attack by highly aggressive species; 
(iii) has satisfactory mechanical properties at elevated 
temperatures; (iv) comprises blades that are easier and 
less expensive to manufacture, do not require heating 35 
by a separate heat source to prevent condensation, and 
do not catalyze the deactivation of 0 2 ( 1 A); and (v) pro- 
vides both enhanced power extraction efficiency from 
the gain medium and satisfactory matching of the laser 
beam director geometry. 40 

DRAWINGS 

These and other features, aspects and advantages 
of the present invention will become better understood 45 
from the following description, appended claims and 
accompanying drawings, in which; 

Fig. 1 is a partially broken away perspective view of 
a gain generator according to the present invention; so 
Fig. 2 is a side elevational view of a nozzle blade of 
the gain generator of Fig. 1 ; 
Fig. 3 is a cross-sectional view in the direction of 
line 3-3 of Fig. 2; and 

Fig. 4 is a partial view of the portion of the nozzle of ss 
the gain generator encircled in broken line in Fig. 1. 



DESCRIPTION 

A gain generator 10 according to the present inven- 
tion is illustrated in Fig. 1 . The gain generator 10 can be 
used in high-energy flowing gas lasers. The present 
invention is described in detail herein with reference to 
high-energy chemical oxygen-iodine laser (COIL) 
devices. It is contemplated, however, that the gain gen- 
erator 10 can be used in other types of flowing gas 
lasers as well. 

The gain generator 10 comprises a chemical reac- 
tarn mixing nozzle 12 which is disposed in a cavity 14 of 
a gain medium 1 6, and a chemical reactant supply man- 
ifold 18. The nozzle 12 comprises a plurality of blades 
20 arranged in a uniformly spaced, parallel relationship 
and flow shrouds 22 surrounding the blades 20 to con- 
fine the gas flow. Adjacent pairs of the blades 20 define 
nozzle passages 24 extending through the nozzle 12. 
The nozzle passages 24 include an inlet end 26, an out- 
let end 28 and an intermediate throat portion 30. Typi- 
cally, the nozzle 12 includes at least seventy-five blades 
20. 

As shown in Figs. 2 and 3, the blades 20 include a 
pair of support sections 32, and a wall 34 which defines 
a passage 36 extending between the support sections 
32. A plurality of holes 38. 40 are formed through the 
wall 34 at opposed sides of the blade 20. The end 
blades 20 of the nozzle 12 include holes only on the 
inward facing side of the blade (not shown) as these 
holes communicate with only one nozzle passage. The 
holes 38, 40 are typically arranged in at least two 
spaced rows as shown. The holes in the respective 
rows can have different diameters. For example, the 
smaller holes 38 can have a diameter of about 0.01 in., 
and the larger holes 40 can have a diameter of about 
0.02 in. The total number of holes, the hole size and the 
hole shape in the blades 20 can be varied to control the 
injection of a chemical reactant into the nozzle pas- 
sages 24. Typically, at least several hundred total holes 
are formed in each blade 20. 

The gain medium 16 includes strengthened side 
walls 42, opposed end walls 44 and opposed open ends 
46, 48. The gain medium 16 is approximately trapezoi- 
dal in shape, having a narrower width at the outlet end 
28 of the nozzle passages 24 than at the open end 48 
through which laser effluent exits into a diffuser (not 
shown). The end walls 44 define aligned openings 50 
(only one opening is shown) descrbed in greater detail 
below. The optical axis OA extends through the open- 
ings 50 approximately perpendicular to the direction of 
flow, R 1( of the chemical reactant flow stream. 

The chemical reactant supply manifold 18 com- 
prises a pair of conduits 52 mounted to the sidewalls 42 
of the gain medium 16 by connecting sections 54. The 
connecting sections 54 are attached to the support sec- 
tions 32 as shown in Fig. 4. The support sections 32 
maintain the blades 20 in a substantially equally 
spaced, parallel relationship relative to each other. The 
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support sections 32 each define a passage 56 there- 
through in communication with the passage 36 of the 
associated blade 20. The connecting sections 54 
include passages 58 in communication with the pas- 
sages 56 in the support sections 32. 

The blades 22 can optionally be provided in a plu- 
rality of separate modules such as the portion of the 
nozzle 12 illustrated in Fig. 4, each comprising a plural- 
ity of blades. The modules provide the advantage of 
being selectively replaceable without replacing all of the 
blades in the nozzle 12 at once. 

A chemical reactant is flowed through the conduits 
52, into the passages 58 of the connecting sections 54, 
and through the passages 56 in the support sections 32 
into the passages 36 of the blades 20. The chemical 
reactant is injected through the holes 38. 40 as indi- 
cated by arrows R 2 (Fig. 1) and into the nozzle pas- 
sages 24 to mix with another chemical reactant 
introduced into the nozzle passages 24 at the inlet end 
26 as represented by the arrows R v 

As shown, the openings 50 in the gain medium 16 
are preferably octagonal shaped. This shape provides 
advantages When used with an irregular, octagonal 
shaped scraper mirror in an unstable resonator in trans- 
fer flowing gas lasers such as the COIL. Namely, this 
shape can be inscribed in a circular beam director with- 
out added power loss. It can also accommodate cavity 
side wall expansion. In addition, because transfer lasers 
store energy, this shape more efficiently extracts energy 
than expected. 

The octagonal shape overcomes the disadvan- 
tages associated with using a rectangular beam and 
physically clipping the corners after out coupling, or 
using a circular or elliptical extraction beam. 

The gain medium is typically formed of a lightweight 
alloy such as a-p titanium alloys. A suitable titanium 
alloy is Ti-6%AI-4%V 

In the COIL, resonant energy transfer occurs 
through the reaction of the energizing reactant, 0 2 ( 1 A), 
and the lasing reactant, l 2 . 0 2 ( 1 A) and byproducts from 
the generation of 0 2 ( 1 A) in a singlet-delta oxygen gen- 
erator (not shown) including Cl 2 and basic hydrogen 
peroxide (BHP) are introduced into the nozzle passages 
24. 1 2 is injected through the holes 38, 40 into the 0 2 ( 1 A) 
flow stream upstream of the throat portion 26. 0 2 ( 1 A) 
transfers energy to the l 2 , resulting in the generation of 
photons of a wavelength of about 1 .31 5 \lo\. 

The operating temperature within the gain genera- 
tor 10 in the COIL can reach as high as about 300- 
400°F. To avoid high-temperature chemical attack by 
iodine and Cl 2 , the nozzle 12 can be comprised of a 
suitable polymeric material. An excellent material is 
thermoplastic polyetherimide. A suitable polyetherimide 
material is ULTEM®. commercially available from Gen- 
eral Electric Plastics of P'rttsfield, Massachusetts. This 
material is available in glass reinforced compositions 
(2000 Series) having enhanced dimensional stability 
and rigidity. This material has a suitable high service 



temperature for use in the COIL 

A nozzle of polyetherimide was tested to laser con- 
ditions with no visual evidence of physical degradation 
from exposure to iodine and Cl 2 . The polyetherimide 

5 nozzle also demonstrated sufficient strength and low 
thermal expansion at the operating temperature of the 
COIL such that no detrimental cfimensional changes of 
the nozzle were observed. 

Polyetherimide is also expected to withstand ther- 

10 mal stress effects such as creep and fatigue caused by 
repeated heating and cooling cycles, enabling the 
blades 20 to have an extended service life. 

Polyetherimide provides the advantage of being 
much lighter than metallic alternatives such as nickel- 

75 based alloys, making polyetherimide advantageous for 
airborne applications. 

Polyetherimide is also significantly less expensive 
to form and machine than metallic alternatives. Follow- 
ing injection molding of the blades 20, uniform holes 38, 

20 40 can be formed in the blades easier than in metal 
blades. The holes enable uniform iodine injection along 
the blades. 

Polyetherimide is also a thermal insulator and does 
not need to be heated during service using a separate 
25 heat source such as an electric heater. The iodine is 
flowed through the holes 38. 40 of the blades 22 in an 
iodine/helium mixture at a sufficient temperature to 
vaporize the iodine. This temperature is typically greater 
than about 230°R The hot gas mixture causes a shallow 
30 skin layer to form on the blades. The temperature of the 
skin layer is sufficiently high to substantially prevent l 2 
condensation. 

Polyetherimide also does not catalyze the deactiva- 
tion of 0 2 ( 1 A), thus promoting photon generation in the 
35 gain generator. 

It is contemplated that plastic materials other than 
polyetherimide can alternatively be used to form the 
blades 20 of the nozzle 12. For example, poly ether 
ketone (PEEK) is believed to have suitable chemical 
40 resistance and mechanical properties at the nozzle 
operating temperature for use in the COIL PEEK has a 
service temperature of about 480°F. Another prospec- 
tive material is SUPEC®. a polyphenyienesulphide 
resin also available from General Electric Plastics. 
45 Other suitable plastic materials for forming the noz- 
zle blades for use in the COIL would have (i) chemical 
resistance to chemical species that come into contact 
with the nozzle during operation; (ii) satisfactory high- 
temperature mechanical properties to maintain dimen- 
so sional stability and resist thermal cycling effects; (Hi) 
good machinability; (iv) a low coefficient of thermal 
expansion and low thermal conductivity; and (v) would 
not catalyze the deactivation of 0 2 ( 1 A). The plastic 
material preferably has a service temperature greater 
55 than about the operating temperature of the nozzle. For 
COIL devices, the service temperature is preferably at 
least about 300°F so that the nozzle retains its mechan- 
ical properties during service. Low density is desired for 
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airborne applications. 

It is also contemplated that non-metallic materials 
other than plastics having the above characteristics can 
be used to form the blades 20. 

It is contemplated that components of the gain gen- 
erator 1 0 other than the blades 20 can also be formed of 
polyetherimide to provide the same advantages to 
these components. For examples polyetherimide can 
be advantageous for use in the supply manifold 18 to 
reduce iodine condensation. 

Although the present invention has been described 
in considerable detail with reference to certain preferred 
embodiments thereof, other embodiments are possible. 
Therefore, the scope of the appended claims should not 
be limited to the description of the preferred embodi- 
ments contained herein. 

Claims 

1. A chemical reactant mixing nozzle for use in the 
gain generator of a high-energy chemical laser to 
generate photons, the nozzle comprising: 



10 
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gain generator of a high-energy chemical oxygen- 
iodine laser to generate photons, the nozzle com- 
prising: 

a) a plurality of blades comprised of polyether- 
imide, the blades each including support sec- 
tions at opposed ends of the blades to maintain 
the blades in a substantially equally spaced, 
parallel relationship relative to each other in the 
nozzle, the blades each defining an interior 
flow passage, and the support sections each 
defining a passage therethrough in communi- 
cation with the flow passage of the blades; 

b) a plurality of nozzle passages extending 
through the nozzle between adjacent pairs of 
the blades; and 

c) a plurality of holes formed in each blade in 
communication with the interior flow passage 
and at least one of the nozzle passages. 

A gain generator for use in a high-energy chemical 
laser, the gain generator comprising: 



a) a plurality of blades comprised of a plastic 
material; 

b) a plurality of nozzle passages extending 
through the nozzle between adjacent pairs of 
the blades; and 

c) a plurality of holes formed in each blade in 
communication with at least one of the nozzle 
passages; 

wherein the plastic material is 0) resistant to 
chemical attack by chemical species that con- 
tact the blades at the operating temperature of 
the nozzle, and (ii) has a service temperature 
greater than about the operating temperature 
of the nozzle. 

2. The chemical reactant mixing nozzle of claim 1, 
wherein the chemical laser is a high-energy chemi- 
cal oxygen-iodine laser. 

3. The chemical reactant mixing nozzle of claim 1, 
wherein the plastic material is polyetherimide. 

4. The chemical reactant mixing nozzle of claim 1, 
wherein the blades each include support sections 
at opposed ends of the blades to maintain the 
blades in a substantially equally spaced, parallel 
relationship relative to each other in the nozzle. 

5. The chemical reactant mixing nozzle of claim 4, 
wherein the blades each define an interior fbw pas- 
sage in communication with the holes, and the sup- 
port sections each define a passage therethrough 
in communication with the f tow passage. 

6. A chemical reactant mixing nozzle for use in the 
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a) a nozzle comprising: 

i) a plurality of spaced blades comprised of 
a plastic material; 

ii) a plurality of nozzle passages extending 
through the nozzle between adjacent pairs 
of the blades; and 

iii) a plurality of holes formed in each blade 
in communication with at least one of noz- 
zle passages; 

wherein the plastic material is (i) resistant 
to chemical attack by chemical species 
that contact the blades at the operating 
temperature of the nozzle, and (ii) has a 
service temperature greater than about the 
operating temperature of the nozzle; and 

b) a gain medium housing the blades, the gain 
medium including a cavity and a pair of 
opposed walls each defining an octagonal 
shaped opening for the optical mode of the 
laser. 

8. The gain generator of claim 7, wherein the chemical 
laser is a high-energy chemical oxygen-iodine 
laser. 

9. The gain generator of claim 7, wherein the plastic 
material is polyetherimide. 

10. The gain generator of claim 7. wherein the blades 
each include support sections at opposed ends of 
the blades to maintain the blades in a substantially 
equally spaced, parallel relationship relative to 
each other in the nozzle. 
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11. The gain generator of claim 10, wherein the blades 
each define an interior flow passage in communica- 
tion with the holes, and the support sections each 
define a passage therethrough in communication 
with the flow passage. 5 

12. The gain generator of claim 11, wherein the gain 
generator further comprises a chemical reactant 
supply manifold in flow communication with the 
passages in the support sections. 10 

13. The gain generator of claim 7, wherein the nozzle 
comprises a plurality of modules each including a 
plurality of blades. 

15 

14. The gain generator of claim 12, wherein the nozzle 
comprises a plurality of modules each including a 
plurality of blades. 

15. The gain generator of claim 7, wherein the gain 20 
medium is comprised of an a-p titanium alloy. 

1 6. A method of generating photons in a gain generator 
of a high-energy chemical oxygen-iodine laser, the 
method comprising: 25 

a) providing a gain generator comprising a 
chemical reactant mixing nozzle, the nozzle 
including: 

30 

i) a plurality of spaced blades comprised of 
a plastic material; and 

ii) a plurality of nozzle flow passages 
extending through the nozzle between 
each adjacent pairs of the blades; 35 
wherein the plastic material is (i) resistant 

to chemical attack by chemical species 
that contact the blades at the operating 
temperature of the nozzle, and (ii) has a 
service temperature greater than about the 40 
operating temperature of the nozzle; and 

b) introducing 0 2 ( 1 A) and l 2 into the nozzle 
passages to generate photons. 

45 

17. The method of claim 16, wherein the plastic mate- 
rial is polyetherimide. 

18. The method of claim 16, wherein the gain generator 
comprises a gain medium including a cavity, and a so 
pair of opposed walls each defining an octagonal 
shaped opening for the optical mode of the laser. 

1 9. The method of claim 1 6. wherein the 0 2 ( 1 A) is intro- 
duced into the nozzle passages at an inlet end ss 
thereof and the l 2 is introduced into the nozzle pas- 
sages downstream of the inlet end. 
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